Abstract: Multiple dural sac and spinal cord indentations are often observed on MRI in cervical spondylotic myelopathy. However, it is rare that all of the indented levels contribute to clinical symptoms. Pathological changes in cervical compres· sion myelopathy have previously been reported. Still the critical degree of spinal cord compression needed to induce pathologic changes is unknown. To clearfy this matter the relationships between the spinal cord as well as the dural sac indenta· tions, and pathological changes of the cervical spinal cord were investigated in cadavers. Sixty-eight cadavers were used for this study. The dural sac and the spinal cord were observed especially regarding presence of indentations. The spinal cord was removed from the specimens in order to perform histopathological exami· nation. The indentations of the dural sac and the spinal cord were observed at C4/ 5, C5/6, C6/7 and C3/4 intervertebral levels in order of incidence. However, all of the dural sac indentations were not correlated with spinal cord indentations. Pathological changes in the spinal cord were observed in two specimens with less than 30% of the AP compression ratio. One specimen with 20.9% in the AP compression ratio had remarkable histopathological changes. In the other speci· men with 29.6% in the AP compression ratio, diffuse demyelination was distributed in the lateral white matter. The results indicate that the critical degree of the AP compression ratio is 30% to induce histopathological changes in the spinal cord. If a spinal cord indentation in the patient with cervical spondylotic myelopathy on imaging, i.e. MRI, show less than 30% in the AP compression ratio, the clinical symptoms, i.e. numbness, tickling and paresthetic pain, may not be improved after the surgery because of some histopathological changes in the spinal cord.
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I NTRODUCT ION
Multiple dura l sac a nd spina l cord indentations are often observed on imaging, i.e. MRI, CT scan and mye logram , in cervical spond ylotic myelopathy. However, it is rare that a ll of the indented levels contribute to the symptoms of the patient. Some authors have reported about experimen tal or clinical studies of the pathological changes in cervical compression myelopathy' -7). Sti ll the critica l degree of spinal cord compression needed to induce pathologic cha nges is unknown. In order to clarify thi s matter the relationships between the spinal cord as well as the dural sac indentati ons and pathological changes of the cervica l spin a l cord were investigated in cadavers.
MATERI A LS AND METHOD
Sixty-eight cadavers (men; 40, women; 28, mean age; 75.6 years, range; 37-102 years) were used for thi s study. Laminectomy was performed in the cervical spine. The posteri or part of the dura l sac and the spina l cord were macroscopically observed, especiall y rega rding possi ble presence of indentations. An indentation 
ions (arrows).
A n indentatio n was defi ned as a loca l deformation of dura l sac a nd /o r spin a l cord wit h a di ameter of more than 5 mm . a AP compression ratio=b/a X 1 00 The spinal cord was removed from the specimen in order to observe indentations located on the anterior side of the dural sac and the spinal cord. For histopathological evaluation, the spinal cord was cut in horizontal planes at the intervertebral disc level at which indentation had been observed. The sections were fixed with 20% formalin and sliced into 10 micron-thick. KlUver-Barrera (KB) stain was applied to these sections. Anteroposterior compression ratio (AP compression ratio)3) was also measured to assess the degree of compression in each section (Figure 2 ). Then the AP compression ratio of the specimens with pathological changes 3 . 4 ) was compared with that of the specimens without pathological changes.
RESULTS

Macroscopic findings
Anterior dural sac indentation was observed in 23 out of 68 specimens (34%) and that at 58 out of 272 intervertebral disc levels (21%). The anterior spinal cord indentation correlated with the anterior dural sac indentation was observed in 22 out of 68 specimens (32%) and at 43 out of 272 intervertebral disc levels (16%) ( Figure  3A ). Posterior dural sac indentation was observed in 23 out of 68 specimens (34%) and at 41 out of 272 intervertebral disc levels (15%). The posterior spinal cord indentation correlated with the posterior dural sac indentation was observed in 8 out of 68 specimens (12%) and at 9 out of 272 intervertebral disc levels (3%) ( Figure 3B ). Therefore all of the dural sac indentations were not correlated with spinal cord The rate of correlation between the dural sac and the spinal cord indentation was significantly higher on the anterior side than on the posterior side of the dural sac (P<0.00005, chi-square test).
indentations. The most number of the dural sac and the spinal cord indentations were observed at the C4/5 intervertebral disc level both in the anterior side and in the posterior side. The rate of correlation between the dural sac and the spinal cord indentation was significantly higher on the anterior side than on the posterior side of the dural sac (p<O.00005, chi-square test) (Figure 4 ). 
Pathological findings
The mean of the AP compression ratio at the intervertebral disc levels without indentation was 47.4%, whereas that with indentation was 40.8%. In 2 out of 22 specimens (9.1%) with the AP compression ratio less than 30%, pathological changes were detected in histology. An extensive cavitation of the gray matter was observ· ed at the indented level in a specimen with the AP compression ratio of 20.9%. And diffuse demyelination of the lateral white matter was observed in the other specimen with the AP compression ratio of 29.6% (Table 1) .
Example 0/ pathological changes Specimen No.4, 78 year-old-woman
Spinal cord indentations located at both anterior and posterior part of the spinal cord were observed at the level of C6/7 intervertebral disc. The AP compression ratio at the level was 20.9%. Extensive necrosis and cavitation was detected in the gray matter of the spinal cord ( Figure 5A ). Extensive necrosis and gliosis was also observed in the lateral white matter ( Figure 5B ).
Specimen No. 13, 90 year-old-woman
Anterior spinal cord indentation was observed at the level of C4/5 intervertebral disc. The AP compression ratio at the level was 29.6%. Diffuse demyelination was distributed in the lateral white matter (Figure 6) . 
DISCUSS ION
It has been reported that the canal diam eter of the cervica l spine is related to cervical spondyloti c myelopathyI,3 -5,8-11 ) Some authors have reported about the pathological changes in cervica l compression myelopathyl -n However , the critical degree of spinal cord compression needed to induce pathologic changes is unknown.
In the present stud y the rate of correlation between the dural sac and the spina l cord indentati on was higher on the anteri or side of the dura and spina l cord tha n in the posterior side of them. This result indi cates that the pati ents with a n a nterior \ I Fig . 6 . Pathologica l fi ndings of t he specim en No. 13, C4 / 5 in ter ve rtebra l di sc leve l. K.B. sta in . ( x 10) Di ffu se demye li na t ion was di st ri buted in t he lateral white matter (arro ws).
dura l sac indentation on myelogra m a re more li kely to ha ve a spinal cord indentation than the patients with a posteri or dura l sac indentati on are. Furtherm ore, all of the specimens with a dural sac indentati on did not a lwa ys have a spin a l cord indentati on. Therefore, a ll of the dura l sac indenta ti ons as seen on myelograms would not have a spinal co rd indenta ti on. The C4/ 5 a nd the C5/ 6 intervertebra l disc levels had the most number of the dural sac and the spinal co rd indentati ons. This result co rrelates with the clini cal situat ion that ma ny patients with cervical spond y· lotic myelopathy have the dura l sac and the spin a l cord indentati ons a t the C4/ 5 and the C5/ 6 inter ver tebra l disc levels on MRI or myelogram. The pa thol ogica l cha nges of the spina l cord were classified into three gr ades by Ogino et af.3) a nd On 0 4 ) .
In the li teratures, the severest pa thological cha nge, i. e. ex tens ive cavita tion , was detected in two cases with less tha n 20% in the AP compression rati os. In the present stud y, extensive necrosis a nd ca vita ti on in the gr ay matter was observed in one specimen with the AP compression rati o of 20.9% . Extensive necrosis and gli osis was also observed in the la tera l whi te matter. This result is in agreement with the report by Ogin 0 3 ) Therefore, in a case with spina l cord indentation in whi ch the AP co mpression rat io is about 20 % or lower, extensive cavitation, which is a severe pa thological change, might occur in the spina l cord. In the other specimen with the AP compression ratio of 29. 6%, diffuse demye lination was distributed in the later al white ma tter 3 , 4 ) Other 12 spec im ens have no his· topathological changes a t the levels with spin a l cord indenta ti on. These results indi cate that the critical degree of the AP compression rat io to induce some hi stopa thological changes in the spina l cord was about 30 % .
In conclusion, the critical degree of the AP compression ratio to induce histopathological changes in the spinal cord was about 30% . Furthermore, the degr ee of the AP compression r a ti o enough to induce the severe pathological cha nges, i. e. extensive necrosis and cavitation in the gray matter was about 20%. If a spinal cord indentation in the patient with cervical spondylotic myelopathy on imaging, i. e. MRI, show less than 30% in the AP compression ratio, the clinical symptoms, i. e. numbness, tickling and paresthetic pain, may not be improved after the surgery because of some histopathological changes in the spinal cord.
